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[57] ABSTRACT

A synchronous machine having a rotor with a plurality
of salient poles which are supported by a rotor rim. The
rotor rim is arranged by means of a hollow annular

device in mechanical connection with a rotor hub, cool-
ing gas flowing into the annular device relatively close
to the hub and leaving at the rotor rim, flowing through
cooling ducts in the rotor and stator, through a cooler
and out into a cooling gas space which includes a plural-
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1
SYNCHRONOUS MACHINE

This application is a continuation of application Ser.
No. 783,725 now abandoned filed Oct. 3, 1985.

FIELD OF THE INVENTION

The present invention relates to a synchronous ma-
chine comprising a stator with an annular stator core,
the stator surrounding a rotor with a rotor shaft, a rotor
hub, a rotor rim, a plurality of salient poles supported by
the rotor rim and a plurality of arm plates arranged at a
mutual angular distance between the rotor rim and the
rotor hub, at least one cooler for cooling gas, two annu-
lar end plates arranged transversely in relation to the
rotor shaft and in the space between the rotor rim and
the rotor hub, at least one of the end plates being ar-
ranged to constitute a torque-transmitting connection
between the rotor rim and the rotor hub, the end plates
being attached to the arm plates, the maching compris-
ing a gas space which is defined by a cylindrical wall
arranged substantially coaxially with the generator, a
cover plate arranged axially outside the rotor, means for
sealing between the rotor shaft and the cover plate, and
by at least one of these end plates, the stator core as well
as the rotor rim being provided with a plurality of pas-
sageways for a radially outwardly flowing cooling gas,
the cooler being arranged to receive a flow of cooling
gas delivered from the passageways traversing the sta-
tor core and to deliver the flow to the gas space, the
rotor passageways being arranged to be supplied with
cooling gas via a plurality of inlet chambers defined by
these end plates and the arm plates, inlet openings for
the supply of cooling gas from the cooling gas space to
inlet chambers which are formed radially spaced from
the rotor rim by arranging at least one of the end plates
to provide incomplete sealing of each one of the inlet
chambers in the axial direction, at least one of the end
surfaces of the rotor rim being tightly shielded from the
gas space by means of an annular non-rotating shield
arranged coaxially with the rotor.

DESCRIPTION OF THE PRIOR ART

A machine according to the above is known, for
example, from U.S. Pat. No. 3,529,193.

In known machines of the above defined type, the
centrifugal forces provide such a great pressure in-
crease, in a radially outward direction, of the cooling
gas flowing in through the above-mentioned inlet open-
ings that a throttle means usually has to be introduced in
the cooling gas circuit to prevent the flow of cooling
gas from becoming unnecessarily large, which would
involve unnecessarily large ventilation losses in the
machine. The throttling is usually achieved by imposing
restrictions for dimensioning the inlet and/or outlet
openings of the inlet chambers. The object of the pres-
ent invention is to provide within the machine—a de-
vice which limits the flow of cooling gas to avoid turbu-
lence and other heat-generating phenomena in the cir-
culating cooling gas to the extent possible, by utilizing
in connection with this device—the components which
are part of the conventional construction.

SUMMARY OF THE INVENTION

According to the invention, the necessary limitation
of the cooling gas flow is accomplished by imparting to
the flow—before it is supplied to the inlet chamber—a
considerable tangential velocity component by deflect-
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ing it with the aid of a plurality of guide vanes. The
vanes are arranged tangentially one after the other in an
annular portion of the cooling gas space, this portion
being coaxial with the rotor.

Together with shielding devices which force the flow
of cooling gas to flow along the guide vanes without
deviating to the sides to any significant extent, the guide
vanes constitute a limiting device for the cooling gas
flowing through the machine. The deflection is per-
formed with no significant reduction of the energy

contents of the cooling gas flow. By passing through the
guide vanes the flow of cooling gas is put into rotation
about the axis of rotation of the machine in the direction
of rotation of the rotor. The corresponding rotation
energy inherent in the cooling gas flow is not trans-
formed into heat to any significant extent during the
transport of the rotor cooling gas to the cooling chan-
nels but is retained as rotation energy in the cooling gas
flowing through the rotor inlet chambers of the rotor
and the rotor cooling channels. Contrary to conven-
tional machines, no power—or only a relatively small
amount of power—is needed to give the cooling gas
flowing through the above-mentioned inlet openings
the same speed of rotation as the rotor.

By use of the invention a considerable increase in the
efficiency of the machine is achieved.

According to a further embodiment of the invention,
the guide vanes are arranged to alow for rotation of
each one about a turning axis. All the turning axes lie in
a surface of revolution arising by rotation of one turning
axes about the axis of rotation of the machine, and the
ability to turn means that the deflection and—-
therefore—the magnitude of the cooling gas flow can
be adjusted. The guide vanes are suitably arranged to be
turnable by one or several servo motors connected to
temperature measuring means and to a reference value
generator so that the machine temperature is maintained
constant at varying machine loads and at varying tem-
peratures of the cooling water which is supplied to the
primary side of the heat exchanger. The constant tem-

‘perature is then chosen approximately equal to the max-

imum temperature that can be permitted during contin-
uous operation without any noticeable reduction of the

life of the machine.

BRIEF DESCRIPTION OF THE DRAWINGS

In the following the invention will be described with
reference to the accompanying schematic drawings,
wherein |

FIGS. 1 and 2 show a first embodiment of a machine
according to the present invention, of which FIG. 1
shows an axial section through one half of the machine
along I—I of FIG. 2. FIG. 2 shows one-fourth of the
same machine in a radial section along II—II of FIG. 1;

FIGS. 3 and 4 show a second embodiment of a ma-
chine according to the invention, of which FIG. 3
shows an axial section through one half of the machine
along III—III of FIG. 4. FIG. 4 shows one-fourth of
the same machine in a radial section along IV—IV of
FIG. 3; |

FIG. 5 shows on an enlarged scale a perspective view
of embodiment shown in FI1G. 1; -

FIG. 6 shows in axial section a third embodiment of
the present invention. '
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DESCRIPTION OF THE PREFERRED
EMBODIMENTS

In FIGS. 1 and 2, 1 designates the stator, 2 the rotor
and 3 the rotor shaft of a synchronous generator having
a vertical axis of rotation 4. The stator core 5 is attached
to a stator frame 6 surrounding the stator core and
mounted on a horizontal limiting surface 7 of a genera-
tor pit made of concrete. The generator pit 1s limited in
a radial direction by a concrete wall 8, the inner limiting
surface 8' which consists substantially of a cylindrical
surface coaxial with the rotor and the stator. The rotor
2 has a hollow-cylindrical rotor rim 9 which is made of
a magnetic material and which supports a plurality of
salient poles 10, which are each provided with a rotor
coil 11. The rotor rim 9 is arranged in mechanical con-
nection with a rotor hub 12, fixed to the shaft 3, by
means of a plurality of arm plates 13, each of which are
preferably arranged in an individual axial plane with
constant mutual angular distances. An upper end plate
14 and a lower end plates 15 are arranged transversely
to the axis of rotation 4—preferably in one radial plane
each—and welded to the upper and lower edges, re-
spectively, of all the arm plates, whereby the torque
transmission between the rotor hub 12 and the rotor rim
9 for the major part takes place with the aid of the lower
end plate 15. Rotor rim 9, hub 12, upper end plate 14
and lower end plate 15 define a plurality of annularly
sector-shaped spaces which constitute inlet chambers 16
for a cooling gas, for example air. Each inlet chamber
16 has a circular inlet opening 17 provided in the upper
end plate 14 and an outlet opening 18 for cooling gas
provided in the lower end plate 15 and arranged In the
vicinity of the rotor rim, as well as an outlet opening 19
provided in the upper end plate 14 which is formed and
arranged in the same way as the outlet opening 18. Each
one of the end plates 14 and 15 may be composed of a
plurality of separately manufactured elements. The
rotor rim 9 has a plurality of radially extending ducts 20
for cooling gas. During normal machine operation,
centrifugal forces result in cooling gas being sucked via
the inlet openings 17 into the inlet chambers 16, from
which the cooling gas flowing directly through a plu-
rality of radial rotor rim ducts located at the mid-por-
tion of the rotor, a plurality of radial rim ducts located
at the upper rotor end which are arranged to be sup-
plied with cooling gas via the outlet openings 19 and a
plurality of radial rotor rim ducts located at the lower
rotor end which are arranged to be supplied with cool-
ing gas via the outlet openings 18. The outlet openings
19 open out into an annular upper distribution chamber
21’, which is defined between the rotor rim and a sta-
tionary, annular double-curved shield 21. First shield 21
has two circular edges, one of which is sealingly at-
tached to the upper end surface of the stator core 5, the
other being provided with a stationary, brush-shaped
sealing ring 44 which makes contact with an annuiar
sealing portion of the end plate 14. The outlet openings
18 open out into a lower distribution chamber 22’ which
is defined by means of an annular, conical shield 22, the
lower edge of which is fixed in a sealing mechanical
connection with the lower end portion of the rotor rim,
the upper edge being fixed to the lower end plate 15 in
a sealing connection therewith.

Stator 1 and rotor 2 are enclosed within a gas space
23 in which cooling gas is circulating. The gas space 23
is defined, by part of the upper side of the end plate 14,
part of the shaft 3, a stationary cylindrical shield means
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24 sealing against the shaft and arranged coaxially
therewith, this shield means 24 making sealing contact
with the inner periphery of an annular cover plate 23
for the generator pit, the concrete surfaces 8 and 7, an
annular pneumatically sealing device 42 fixed coaxially
in relation to the stator core between the lower end of
the stator frame 6 and the concrete surface 7, and by end
portions and radially outwardly facing surface portions
of the outer limiting surface of the stator frame 6. A
stationary shield ring 26 made with L-shaped cross-sec-
tion defines—together with the sealing device 42—an
annular collection space 43 for all the cooling gas flow-
ing vertically downwards through the pole gaps.

Radially outside the outer cylindrical surface of the
stator core and coaxially therewith, the stator frame 6
defines an annular chamber 27 of approximately the
same axial dimension as the stator core. The stator 1 has
a plurality of cooling ducts 28 extending radially
through the stator core S, these cooling ducts opening
out into the annular chamber 27 which is arranged in a.
pneumatic connection with the inlet openings of a plu-
rality of cooler ducts (not shown in the drawing) of at
least one cooler 29. The cooler ducts open out into the
gas space 23, preferably radially outside the stator frame
6. Preferably, a plurality of coolers 29 are used, which
may be fixed to the stator frame as shown in FIGS. 1
and 2, or alternatively, be arranged outside the space 23.
Fach cooler 29 is formed as a heat exchanger, the cooler
cuts being included in the secondary circuit, the pri-
mary circuit being traversed by a heat-absorbing me-
dium, for example water.

The flow paths of the cooling gas circulating in the
machine are indicated in FIG. 1 by dash-lined arrows. It
will be clear that part of the flow of cooling gas passing
through the openings flows between the shield 21 and
the upper end surface of the rotor rim and is thereaft-
er—in the same way as the cooling gas flowing through
the rotor ducts 20—supplied to the pole gaps of the
rotor. Part of the cooling gas supplied to the pole gaps
leaves the gaps via the downwardly facing openings of
the pole gaps which open out into the collection space
43, and is then supplied to the annular chamber 27 via a
plurality of inlet openings provided in the lower end
surface of the rotor spider. The remaining part of the
cooling gas flows from the pole gaps into the radial
ducts 28 in the stator core 5 and from there into the
annular chamber 27, from where the total cooling gas
flows through the secondary circuit of the cooler 29
and out into a part of the gas space 23 which is located
radially outside the stator frame 6. From there the
cooled cooling gas flows radially inwardly on its way
towards the inlet openings 17 of the rotor, whereby the
entire flow of cooling gas passes through a part of the
gas space 23 located above the stator and the rotor. A
plane, annular circular guide shield 31, preferably ar-
ranged in a radial plane, is rigidly mechanically con-
nected to the lower edges of a plurality of radially ex-
tending radial beams 32, which at their upper edges are
rigidly mechanically connected to the annular cover
plate 25. At its radially inner edge the guide shield 31 1s
arranged in a sealing mechanical connection with the
shield means 24. The outer diameter of the guide shield
31 is approximately equal to the mean diameter of the
rotor rim 9. Reference is also made to FIG. 5 in the
following description. On its way towards the inlet
openings 17 the entire flow of cooling gas passes
through a space between the guide shield 31 and a plane
portion of the double-curved shield 21 which 1s substan-
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tially arranged in a radial plane. In this space there are
arranged a circular guide vane ring 33 and a plurality of
guide vanes 34 supported by this ring, which are evenly
and substantially tangentially distributed along the en-
tire circumference of the guide vane ring and with the
ability to rotate about a respective, substantially axially
directed turning axis 35. The guide vane ring 33, which

is coaxially arranged in relation to the rotor rim, makes

contact with and is fixed to the plane portion of the
shield 21. Each guide vane 34 has an inlet edge 49 and
an outlet edge 50 which is substantially parallel to the
inlet edge, as well as two side edges 51 and 52 extending
transversely in relation to the edges 49 and 50. The
average play between the side edge 51 and the guide
shield 31, similarly to the average play between the side
edge 52 and the guide vane ring 33, is chosen as small as
possible and only to allow for the guide vane to be
substantially freely turned about the turning axis 393.
Each of the two plays constitutes at most 15%, prefera-
bly at most 5% of the maximum distance A between the

10

15

20

two side edges. Each guide vane 34 has an upper pin 36 .

and a lower pin 37, which are coaxial with the turning
axis 35, the lower pin being journalled in a correspond-
ing recess 38 in the guide ring 33, the upper pin being
journalled in one of the radial beams 32 and/or in the
guide shield 31. Each guide vane 34 is provided with a
radially directed operating arm 39 fixed to the guide
vane. The free end of the arm 39 is formed with a verti-
cal pin which is pivoted in a corresponding hole 40 of-an
operating ring 41. The operating ring 41 is coaxially
arranged in relation to the rotor and is capable to turn
about the axis of rotation 4.

Each guide vane consists of a body which in the
horizontal direction is substantially limited by two sin-
gle-curved, substantially parallel surfaces which are
perpendicularly oriented with respect to a radial plane
of the machine and curved in such a way that the total
flow of cooling gas—in the gas space is practically
radially directed. Passing through the guide vanes and
with no significant reduction of the inherent energy the
gas flow is deflected in the tangential direction, involv-
ing a change in direction of at least 10°, preferably more
than 20°, and in such a way that the tangential velocity
component has the same direction as the rotor. The
total velocity of the air is increased upon its passage
through the guide vanes and after passing the guide
vanes. The energy for this velocity increase is taken
from the static pressure. The static pressure of the air
will then be lower when the air reaches the rotor than
without guide vanes. Throttling of the air has been
achieved resulting in a reduced air flow. The power
that is required to give the amounts of cooling gas sup-
plied to the rotor at the same speed of rotation as the

rotors speed is reduced, since the air even before it

reaches the rotor has a certain rate of rotation. The
efficiency of the generator is increased, partly because
of this power reduction, partly because a smaller
amount of air is to be caused to rotate through the ma-
chine.

Alternatively, also the lower end plate 15 can be
provided with inlet openings, in which case these are
formed and arranged in the same way as the inlet open-
ings 17 provided in the upper end plate, whereas the
lower part of the machine is provided with guide vanes
and a double-curved shield which as regards shape and
location are substantially mirror-symmetrical about the
line II—II with the corresponding guide vane 34 and
shield 21 shown in FIG. 1, the vertical part of the shield
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26 having been removed. The flow paths of the cooling
gas in that half of the machine located below the line
II—II will then have a course which can be illustrated
by an arrow configuration which is mirror-symmetrical
about the line II-—II in relation to the corresponding
arrow configuration shown above the line II—II in
FIG. 1.

The machine shown in FIGS. 3 and 4 is different, in
functional respect, from that shown in FIGS. 1 and 2
only in that an annular shield 60 is used instead of the
double-curved first shield 21 and in that an annular
shield 61 with L-shaped cross-section is used in the
lower machine end instead of the 26. At its outer periph-
ery the shields 60, 61 are arranged in a gastight mechan-
ical connection with the stator frame. Each guide vane
53 is turnable about a corresponding turning axis 34. In
addition, the machine shown in FIGS. 3 and 4 has—in-
stead of the circular inlet openings 17 shown in FIG.
1—an equally large number of annularly sector-shaped
inlet openings 117. These have been produced by using,
instead of the annular end plate 14 shown in FIG. 1, two
rings 114’ and 114" arranged coaxiaily and in mutually

spaced relation. The other structural members in FIG. 3

and/or FIG. 4 are provided with reference numerals
which each exceeds the reference numeral of corre-
sponding structural elements in FIG. 1 and/or FIG. 2
by one hundred.

The circulation paths of the cooling gas are indicated
by dashlined arrows.

The machine shown in FIG. 6 differs from the ma-
chine shown in FIGS. 3 and 4 only as regards the ar-
rangement of guide vanes. Structural elements with the
same shape and location as the corresponding structural
elements in FIGS. 3 and 4 have the same reference
numerals. In the machine shown in FIG. 6—as well as
within the embodiments described above—a plurality of
guide vanes are evenly distributed one after the other in
the tangential direction of an annular, above-mentioned
space portion which is included in the above-mentioned
cooling gas space. This annular space portion is in all
cases coaxial with the rotor and it is deformed between
a stationary shield, arranged above the rotor in mechan-
ical connection with the stator, and a surface which
outwardly defines the cooling gas space. In FIG. 6 a
plurality of guide vanes 45 are arranged between two
rings 46 and 47, respectively, of T-shaped cross-section
which are arranged coaxially with the rotor and are
fixed to the shield 60 and to the shield means 124, re-
spectively. Nearest the guide vanes 45 the rings 46 and
47 are preferably formed as regular polygons, the num-
ber of polygon sides being equal to the number of guide
vanes. Each guide vane 45 has substantially the same
shape as the guide vane 34 shown in FIG. § and, is
provided with two pins and arranged to turn about an
axis 48, the position of which in relation to the guide
vane is the same as the position of the turning axis 35
shown in FIG. 5. One of the two pins may be extended
and passed out through the shield means 124 for con-
nection to an operating member. Each of the guide
vanes 45 has an inlet edge 149 and an outlet edge 150 as
well as two side edges extending transversely in relation
to the inlet and outlet edges. The ring 47 has a portion
47 which serves as a guide shield and is positioned close
to a side edge of each of the guide vanes 45 with an
average play of at most 15%, preferably at most 5% of
the average distance between the side edges of the guide

vane.
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The guide vanes 45 impart a powerful rotation about
the axis 48 to the cooling gas flowing between the rings
46 and 47, with the same direction of rotation as the
rotor rotation.

The invention also comprises a plurality of types of
synchronous machines in excess of those shown in the
drawings. Thus, it also comprises synchronous ma-
chines with a horizontal axis of rotation and synchro-
nous machines in which the cooling gas space is not
defined outwardly by concrete walls but only by metal-
lic casing walls.

As mentioned above, a cooler is considered to consti-
tute part of a machine according to the invention also if
it is located outside the cooling gas space, for example
radially outside the concrete walls 8 and 108, respec-
tively, or a corresponding metallic casing. In such cases,
cooling gas is passed from the stator stand to the cooler
and from the cooler to the cooling gas space by means
of hydraulic connection conduits through radially or
axially defined walls or cover plates.

We claim:

1. A synchronous machine comprising:

a stator with an annular stator core, said stator core
being provided with a plurality of passageways for
admission of a radially outwardly flowing cooling
gas;

a rotor with a rotor shaft surrounded by said stator,
and comprising a rotor hub, a rotor rim, a plurality
of salient poles supported by said rotor rim, a plu-
rality of arm plates arranged in mutually spaced
relationship between said rotor rim and said rotor
hub, and annular end plate members arranged
transversely with respect to said rotor shaft be-
tween said rotor rim and said rotor shaft;

a plurality of inlet chambers being defined between
said end plate members and said arm plates, at least
one of said end plate members having inlet open-
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ings for the supply of cooling gas flow to said inlet
chambers;

means for conducting cooling gas from said inlet

~ chambers to a space between said rotor and said
stator, said means for conducting cooling gas com-
prising first non-rotating shield means at both ends
of the machine secured to said stator core for axi-
ally confining the radially outwardly directed cool-
ing gas flow within said space for ensuring a flow
of cooling gas through said stator core passage-
ways;

means for making sealing contact between said first
non-rotating shield means and said rotor;

a second non-rotating shield means provided at least
at one end of the machine;

a gas space for admission of cooling gas flowing
towards said inlet chambers, said gas space being at
least partly defined by said second non-rotating
shield means and an end plate member;

at least one opening for admission of cooling gas into
said gas space; and,

a plurality of guide vanes disposed in said opening,
said guide vanes being arranged to deflect the flow
of cooling gas into said gas space in the direction of
rotation of said rotor.

2. A synchronous machine according to claim 1 in

which said rotor shaft is substantially vertical.

3. A synchronous machine according to claim 1 com-
prising means for sealing between said rotor shaft and
said second non-rotating shield means.

4. A synchronous machine according to claim 1 in
which said second non-rotating shield means adjoins
said first shield means.

5. A synchronous machine according to claim 1
wherein at least some of said guide vanes are rotatable
around a turning axis for adjusting their angular posi-

tion. |
T
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